bleeding from the abnormal vessels causing haemoptysis or a haemothorax, both of which are potentially fatal; and (2) interruption of the capillary filter of the lung so that emboli, normally trapped in the pulmonary capillaries, can enter the systemic circulation via the pulmonary arteriovenous malformations.4 Thrombi arising in the malformation itself may also cause systemic emboli.5 Thus, up to 56% of patients with pulmonary arteriovenous malformations report a history of stroke or transient ischaemic attack.6`8 Brain abscess occurs in 5-14% of patients with a pulmonary arteriovenous malformation as a result of septic emboli.4910
Pulmonary arteriovenous malformations are rare, mostly congenital, abnormalities of pulmonary circulation, often associated with hereditary haemorrhagic telangiectasia (HHT). They are direct communications between pulmonary arteries and veins via enlarged, tortuous vascular spaces. ' The right to left shunt causes hypoxaemia which may give rise to decreased exercise capacity, dyspnoea and cyanosis. Pulmonary arteriovenous malformations can cause two different types of complications: (1) bleeding from the abnormal vessels causing haemoptysis or a haemothorax, both of which are potentially fatal; and (2) interruption of the capillary filter of the lung so that emboli, normally trapped in the pulmonary capillaries, can enter the systemic circulation via the pulmonary arteriovenous malformations. 4 Thrombi arising in the malformation itself may also cause systemic emboli.5 Thus, up to 56% of patients with pulmonary arteriovenous malformations report a history of stroke or transient ischaemic attack.6`8 Brain abscess occurs in 5-14% of patients with a pulmonary arteriovenous malformation as a result of septic emboli.4910
It is generally accepted that these risks justify treatment of pulmonary arteriovenous malformations, even when asymptomatic, if the diameter of the feeding vessels is more than 3 mm.'" Disadvantages of surgical treatment are loss of normal lung tissue surrounding the pulmonary arteriovenous malformations and morbidity associated with thoracotomy. Nowadays, embolisation of the feeding vessel(s) with silicone balloons or metal coils is an accepted mode of treatment'2-'4 and usually eliminates the need for thoracotomy. Whether coils or balloons are superior has not yet been studied and still depends on personal preference and experience. ' Advantages and disadvantages of both methods have been reviewed elsewhere. '5 In a recent series from a large thoracic unit the complications of balloon embolisation led the authors to conclude that "conservative surgical resection remains the treatment of choice". "
Although many reports concerning embolisation of pulmonary arteriovenous malformations have been published, data on long term results are limited. We therefore present our long term results oftreatment ofpulmonary arteriovenous malformations by embolisation. (fig 1) . In two patients with high flow pulmonary arteriovenous malformations a catheter with an occlusion balloon was used to interrupt blood flow in the feeding artery during embolisation in order to prevent paradoxical embolisation of the coils. In one patient a detachable balloon was used in combination with coils. All pulmonary arteriovenous malformations with accessible feeding vessels larger than 3 mm were embolised.
Methods

Results
Individual results oftreatment are given in table 2. In 44 sessions 92 pulmonary arteriovenous malformations were embolised, 56 on the right and 36 on the left. Eighteen had a single feeding vessel (simple pulmonary arteriovenous malformation), 84 had more than one feeding vessel (complex pulmonary arteriovenous malformation). In five patients two procedures were necessary, in two patients three were required, and one patient needed four procedures. Embolisation was incomplete in two pulmonary arteriovenous malformations: one had a very short feeding vessel which precluded safe coil placement, and in the other the complex anatomy and angular branching of the multiple feeding vessels precluded complete embolisation in one session. The first patient underwent surgery; in the second another procedure was proposed but declined by the patient.
Mean (SD) Pao2 increased from 9-6 (1-7) kPa to 11-5 (1-7) kPa (p<0001); mean (SD) shunt fraction decreased from 16-6% (7 8%) to 7A4% (5.1%) (p<OOO1). Excluding the two patients in whom embolisation failed, mean Pao2 rose from 9-6 kPa to 11 7 kPa and mean shunt fraction decreased from 16 3% to 6-7%. In eight patients with HHT a shunt of more than 10% persisted due to the existence of multiple pulmonary arteriovenous malformations too small to embolise. During follow up the shunt fractions in these patients remained stable. Complications were seen in eight of 44 procedures (18%) and consisted of an arrhythmia in one patient, hyperventilation in one, pleurisy after the procedure in four, and dislocation of a coil in two patients. The two dislocated coils were retrieved from the left ventricle using a catheter forceps. In patient no. 32, who had large pulmonary and hepatic arteriovenous malformations, several complications occurred. Complete occlusion of the pulmonary arteriovenous malformations was achieved with coils and a balloon. A dislocated coil was retrieved from the left ventricle. After two days the balloon had deflated spontaneously and migrated to the hepatic pulmonary arteriovenous malformation. Six weeks later a haemopericardium developed, probably due to cardiac perforation during retrieval of the coil from the left ventricle. Subsequently she was found to have pulmonary hypertension which was not present before embolisation of two large distal pulmonary arteriovenous malformations.
The mean period of follow up was 24-7 (range 1-72) months. There were 14 patients with a follow up period of over two years with a mean follow up of 40 months. In two patients recanalisation of the occluded vessel occurred 22 and 28 months after embolisation, respectively. In both cases an increased shunt fraction was noted. In one recanalisation was, in retrospect, due to the use ofcoils ofthe wrong type placed early in our unit's experience. These coils were too large and not sufficiently coiled up in the lumen of the vessel (fig 2) . In the second case there was recanalisation of embolised vessels and appearance of new feeding vessels. Both pulmonary arteriovenous malformations were re-embolised successfully.
Discussion
The symptoms caused by pulmonary arteriovenous malformations in our patients are in line with those reported in the literature, although the rate of previous stroke or transient ischaemic attack is low; rates of 5-56% have been described.681819 This is perhaps due to B the fact that 15 ofthe 32 patients were identified during a screening programme in families with HHT. Paradoxical embolisation of septic material resulted in metastatic abscesses in kidney and knee in one patient and in a brain abscess in another before the diagnosis of pulmonary arteriovenous malformation was made. All our patients were hypoxaemic at rest, although in many this was mild. Unless strictly normal values are adhered to, hypoxaemia can easily be overlooked. In view of the shape of the oxygen dissociation curve it is therefore not advisable to rely on oxygen saturation alone in, for example, transcutaneous oximetry, as a diagnostic tool or in follow up after embolisation.
Embolisation can be time consuming, especially with complex pulmonary arteriovenous malformations or if more than one malformation is present. Multiple sessions were necessary in eight patients; one patient refused a second procedure. Others have also reported that more than one session may be needed for complete occlusion.820 Embolisation of one pulmonary arteriovenous malformation failed due to the presence of a very short feeding vessel; placing a coil in an unstable position would risk dislocation of the coil, and this pulmonary arteriovenous malformation was successfully resected by segmentectomy.
Dislocation of a coil occurred in two patients, both of which were retrieved from the left ventricle. These incidents prompted us to use an occlusion balloon to interrupt the blood flow through rapid flow pulmonary arteriovenous malformations during embolisation.
The serious complications in patient no. 32 were probably due to a high cardiac output caused by the presence ofmultiple large hepatic arteriovenous malformations and shunting of a large amount of blood through the low resistance pulmonary arteriovenous malformations. On closure of these malformations the pulmonary vascular resistance rose, leading to right heart failure. Thus, we would advise measuring pulmonary artery pressure before embolisation, and temporarily closing the feeding vessel of the pulmonary arteriovenous malformations while monitoring the cardiovascular response in patients with large systemic arteriovenous malformations or pulmonary hypertension. Closure of the systemic arteriovenous malformations before embolising the pulmonary arteriovenous malformation could also be considered. Furthermore, the central venous oxygen content is raised in these patients due to the left to right shunt. As venous oxygen content is usually estimated in the calculation of the shunt fraction with the 100% oxygen technique, this method is bound to be inaccurate in this situation.
The incidence of pleurisy after coil embolisation in our series (11%) is comparable to that in series using balloon embolisation. 8 Assuming that pleurisy is the result ofinfarction due to occlusion of normal branches of the pulmonary artery, we cannot support the statement that balloon embolisation is superior in preventing occlusion of these normal branches.8
Five series from two institutions have reported their results of embolisation. 8 19-22 Other reported series have not presented their results in terms of improvement of gas exchange.2324 With respect to reduction of shunt fraction and hypoxaemia, our data compare favourably with previous reports using either coil (16 patients) '9 or balloon (76 patients)8 embolisation. The shunt fraction decreased from 28 1% to 13% in the former, and Pao2 increased from 7-3 to 9 5 kPa in the latter. The pre-embolisation values of shunt and Pao2 in our patients suggest less severe disease, probably because part of our population was found during screening of asymptomatic family members of patients with HHT.
Long term results are limited to only two reports; in one study nine patients had stable oxygen saturations on regular arterial blood gas analysis for a mean period of 26 months.20 The second study reported constant serial values of arterial blood gas measurements over five years, but did not state the number of patients involved. 8 No recanalisation of embolised vessels was reported. However, recanalisation occurs after embolisation both with balloons'0 and with coils. 25 The estimated rate of recanalisation is 5-10%." 26 In our series recanalisation occurred in two patients, and in one was caused by choosing coils of the wrong type. New feeding vessels from either the pulmonary artery or systemic arteries23 may also appear. This happened in one patient, in addition to recanalisation of an embolised vessel. Our method of follow up may identify more recanalised vessels as shunt fraction is a more sensitive method of follow up than measuring the arterial Po2.27 Both cases of recanalisation occurred approximately two years after treatment, which stresses the need for long term follow up, and both were detected by a rising shunt fraction.
A recent report from a thoracic surgical unit advocated surgery as primary therapy for pulmonary arteriovenous malformations.'0 This was mainly based on a relatively large proportion of cases with delayed deflation and dislocation of detachable balloons (three of five patients). However, with the use of coils of appropriate size and temporary interruption of blood flow when necessary, the risk of early dislocation is low. Late dislocation of coils from a pulmonary arteriovenous malformation has not been described.
In conclusion, embolisation of pulmonary arteriovenous malformations has been shown to be a safe and efficacious method of treatment. In view of the risk of deflation and subsequent migration of balloons described in the literaturel' and experienced in one of our patients, we prefer to use coils. Resection has to be considered when vascular anatomy precludes embolisation. Blood flow through pulmonary arteriovenous malformations can be interrupted during the procedure to prevent paradoxical embolisation of the coils. Pulmonary hypertension can develop in patients with a coexisting large systemic left to right shunt.
